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论计算发现，1、3 位点连接和 4、7 位点连接的分子具有正相干的量子干涉




3. 采用 MCBJ 技术对奥甘菊分子质子化过程进行实时电学性质测量，论证了
MCBJ 技术进行单分子尺度实时动态监测的可行性，也为该技术未来运用于
工业领域进行微量物质的检测提供了初步实验依据。 










































With the development of the technologies of single-molecule measurement, the 
fabrication of metal-molecule-metal junction and molecular devices in microscale have 
gained much attraction. In this paper, we study the electrical properties of single 
molecules by notched-wire mechanically controllable break junction technology. 
In recent years, quantum interference in single-molecule charge transport has 
attracted a lot of attention. However, there is still quite few studies on the effect of 
quantum interference in nonalternant hydrocarbons and how to control quantum 
interference in microscale. In this paper, we study the quantum interference of azulene 
derivatives with different connection sites of the side groups, and also probe the 
quantum interference tuning under the protonation of azulene, which is significant in 
single molecular electronics. Furthermore, we also study the charge transport through 
supramolecular assembly with stacking interaction. Detailed research contents and 
main results are shown as follows: 
1. We study the azulene derivatives for nonalternative hydrocarbons with different 
side group connection sites and probe the quantum interference induced by different 
connectivities. Through experimental and theoretical study, we find that azulenes 
with 1, 3 sites and 4, 7 sites show constructive quantum interference and azulenes 
with 4, 6 sites and 5, 7 sites show destructive quantum interference. 
2. Azulene can be protonated by adding strong oxidative acid. In this thesis, we study 
the tuning of quantum interference by protonation. We find that protonation can 
tune the charge transport properties and control the quantum interference in azulene 
derivatives. 
3. The protonation of azulene derivatives with quantum interference effect is studied 
through the real-time electronic measurement by MCBJ technology, which proves 
the feasibility of MCBJ technology used in real-time dynamic measurements.  
4. The supramolecular assembly of bowl-like molecule and sphere carbon molecule 
via stacking interaction is studied by MCBJ technology. It is found that the 






























































第一章  绪论 
1.1 分子电子学简述 
在 1947 年 12 月，美国贝尔实验室里由 Shockley、Bardeen 和 Brattain 组成
的实验小组研制出了世界上第一个晶体管，吹响了微电子革命的号角。他们三人












































对于分子电子学的研究，比较严格意义上的开端是 1974 年 Ariech Aviram 和
Mark Ratner 发表的文章《Molecular rectifiers》[2]。文章对一个分子进行了理论计
算，得到了分子的 I-V 特性曲线，由计算结果指出，该分子可以作为单分子二极
管，实现整流器功能。 
到了 20 世纪 80 年代中后期，随着扫描隧道显微镜（Scanning Tunneling 
Microscope, STM）、原子力显微镜（Atomic Force Microscope, AFM）、微机电系































术（Scanning Tunneling Microscope Break Junction, STMBJ）和原子力裂结技术








































图 1-1. 金属/分子/金属结（对巯基苯）[3] 
 
1.2.2 机械可控裂结技术 










如前所述，到了 1997 年，耶鲁大学 M. A. Reed 等人采用 MCBJ 技术对 1,4-
对巯基苯进行了电导测试，实现了 MCBJ 技术在单分子电导测试中的应用[3]。之
后，开始有很多课题组开始采用 MCBJ 技术进行单分子电学性质的测量[28-31]。 
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